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1 
Th1 invention reltes o contre1 pçratus fr 
engine starter systems, pricu!ïly te tht type 
of semi-utomatic engine starter system in which 
the starter drive pinion is moved into engge- 
ment with the driven ger of the engine nd the 5 
min starter switch is closed by ction of n elec- 
tromgnet, the energization of which is regu!ated 
by  control circuit,.which circuit is contro!led 
by the operation of certain lnul nd utomtic 
switches. 10 
In certain starter sysems of thi charactr 
heretofore designed, switches operted bY fluid 
pressure, either by ranifold vacuum or engine 
off pressure, have been provided te hold the con- 
trol circuit open during opertion of the engine 15 
under its own power in order te prevent the clos- 
ing of the starter switch and energiztion of the 
strting motor when the engine is self-opertive. 
This rrngement is provided bec,use in the 
event tht the startin motor were cused te be- 20 
corne opertive, either accidentlly or otherwise, 
during slf-opertion of the engine, the move- 
ment of the starter pinion i]to engagement with 
the engine gear driven thereby woJd cuse dam- 
ge te such parts since the engine gr i in me- 25 
tion when the engine is running, in erlier 
starter control systems of this nture, the fluid 
pressÆ'e operted switch hs been designed te be 
he!d closed dxing opertion of the engine by the 
strting motor until the engine strts te operate 0 
der its own power. 
Diculty has been enco]tered in control sys- 
teins employing  switch opered by vacuum, b- 
cuse when the engine is operating under its own 
power nd with  heavy lord t vm'y low speed, 5 
the mnifold vcuum drops until it is very low 
and pproches nd my overlp, u]]der certain 
conditions, the vcuum which is mintained 
when the engine is being operted bY the strt- 
ing motor belote such engine becomes self-oP- 0 
ertive. The sme diculty is encountered te a 
lesser degree with n off pressure operte 
switch bec,use t low speed nd under hevy 
lord the off pressure lso pproaches the oil pres- 
sure mintained while the engine is being op- 5 
erted bY the strting motor. 
Therefore, in earlier devices, whether the 
mnifold vacuum or off pressure is employed s 
the operating n]edium for the switch, the latter 
hs bee se constructed tht  very smll force 50 
will hold if open. In ft, in order te insure tht 
the fiuid ressure operted switch would be open 
ai 11 tiges tht the engine was operting undr 
its own power, if was necsry te provide  
switch tht would be held open by  fOrCe se !0w 5 
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that such switch might open under certain con- 
ditions during operation of the engine by the 
startfi-g motor belote the engine became self- 
operative. In other words, the difference be- 
tween the fluid pressure effective on the switch 
during cranking and under certain conditions 
when the engile was operating under ifs own 
power, became se nearly the saine that the switch 
could net be entirely successfully controlled. 
Either the switch would at rimes close during 
self-operation, or would open during cranking re- 
su!ing in damage te the parts, or failure in start- 
ing of the engine. The principal purpose of th 
present invention is te elirainate this difficulty. 
Et is, therefore, the priraary ob]ect of the pres- 
ent invention te provide a starter system of the 
type referred te in which the starter switch 
canner under any circumstanees be closed whilè 
the engine is operating under ifs own power and 
in which means are provided te prevent any pos- 
sible 0pening of the starter switch during the 
cranking of the engine by the starting motor for 
the purpose of starting sueh engine. 
The importance of providing a device of this 
character should be apparent and if is partic- 
ularly important in devices where two engines are 
emp!oyed, and in large installations where the 
engine is at the rear or is otherwise se located 
that it is diflicu!t for the driver te hear the en- 
gine. Where two engines are used, one may stop, 
but the driver of the vehicle does net know 
which engine is stopped, and may attempt te 
start the wrong engine. In case of a large ve- 
hicle with the engine located in the rear, the 
driver might net hear his engine, particularly in 
traoec, and attempt te start his engine while if 
is stfll rumaing. Unless a device of this char- 
acier were employed, disastrous results might 
follow. 
With the above obect in view, mie feature of 
the present invention resides in the provision of 
a cm]trol circuit having a fluid pressure operated 
control switch for controlling the operation of 
the ïain starter switch, which will be effective 
when the engine is running uner ifs own power 
te prevent closing of the main switch, but which 
is se arranged that the fluid preSsure c0ntrolled 
switch will always be opened during the opera- 
tio of the enine by the starting motor, that is, 
during the cranking of the engine, for the pur- 
pose of starting, but without causing the openin 
of the main switch, whereby even if the fluid 
pressure switch is opened, the starting motor will 
net be caused te become inoperative. 
A further feature of the invention consists 



in the provision of a fluid pressure operated 
switch which is preferably operated by off under 
relatively heavy pressure such as the off in any 
form of an hydraulic transmission as, for ex- 
ample, the fluid drive which is used in certain 
automotive vehicles now in wide use, and in the 
provision of a bypass circuit which is arranged 
fo bypass the fluid pressure switch. The bypass 
circuit is closed when the manually operated 
switch of the control system is closed so that the 10 
off under relative]y high pressure will immedi- 
ately open the fluid pressUre switch, but the clos- 
ing of the bypass circuit will prevent the open- 
ing of the main switch. 
A further feature of the invention consists in 15 
the provision of means to prevent any subsequent 
closing of the control circuit after the fluid pres- 
sure switch is opened, in the event of accidental 
stalling of the engine until the fluid pressure 
switch bas been permitted to close and to delay 
closing of the fluid pressure switch for a suffi- 
cient period of time to insure that all moving 
parts of the engine corne fo test before the starter 
switch can be closed. Where off under relatively 
high pressure is used as the medium for operat- 
ing the fluid pressure switch, this delay in closing 
of such switch is effected particularly efïiciently, 
and there is always sufïicient time for the rnov- 
ing parts of the engine to substantially corne to 
test before the starter circuit can be closed. In 30 
other words, the moving engine is effective untfl 
it bas substantially stopped to maintain a suiïi- 
cient degree of off pressure, where the off of the 
hydraulic transmission is nsed as a source of 
pressure, to maintain the switch in open condition 
untfl the engine bas completely ceased to oper- 
ate. This time lag in the closing of the fluid 
pressure switch is most important in that if pre- 
vents any possible reclosing of the control circuit 
in the event of continual stalling until the parts 40 
are completely stationary and thus prevents any 
possible damage to the parts upon restarting after 
accidental stalling bas taken place. 
Further objects and advantages of the present 
invention will be apparent from the following 
description, reference being had fo the accom- 
panying drawing wherein a preferred embodi- 
ment of the present invention is clearly shown. 
In the drawing: 
The drawing is a diagrammatic view of a con- 
trol mechanism for engine starters constructed 
in accordance with the present invention. 
leferring fo the drawing, the reference nu- 
meral 2{} indicates the starting motor which bas 
 ground connection 22 and en armature shaft 
24 on which is splined a slidable sleeve 26, which 
is secured to one member of an overrunning 
clutch 28, the other member of which is integral 
with a driving pinion 3{}, adapted fo be moved 
into engagement with the flywheel gear 32 of 60 
the engine, in order to rotate said gear and start 
the engine whenever the starting motor is oper- 
ative. The sleeve 26 is moved to the leït, as the 
device is shown in the drawing, to effect engage- 
ment of the pinion 3{} with the gear 32 and the 
circuit between the starting motor and the bat- 
tery is concurrently closed fo cause the starting 
motor to become operative. 
To this end the sleeve 26 is provided with a 
grooved collar 34, which is slidable on the sleeve 70 
26 and said collar is engaged by pins 36 which 
project from a yoke formed af the lower end of a 
lever 36, suitably pivoted ai 4{} and connected 
at its upper end with the armature 42 of an 
electromagnet indicated generally by the refer- 75 
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ence number 44, and which will be more specifl- 
cally described later. The lever is connected to 
armattu.e 42 by a pin and slot connection, the 
purpose of which will be described hereinafter, 
and which comprises the slot 46 in the upper 
end of the lever and the pin 48 on a link 5} 
connected to the armature and which projects 
into said slot. 
When the electromagnet is energized the arma- 
ture moves to the right, the lever moves collar 
34 to the left, the collar pushing against a spring 
52 which surrounds the sleeve 26 between the 
collar and the overrunning clutch previously re- 
ferred to. The collar is positioned between one 
end of the spring and a plate 54 secured fo the 
right end of sleeve 26. This movement of the 
lever pushes the whole sleeve and clutch assembly 
fo the left and if the teeth of the pinion do not 
abut those of the flywheel, the pinion wfll be 
moved immediately into engagement with the 
flywheel gear. If there is tooth abutment between 
the pinion and flywheel gear, the sprini 52 will 
be compressed as the lower end of lever 38 moves 
fo the left until the starting motor switch is 
closed by movement of the armature 42, as more 
specifica]Iy described later. As the switch is 
closed, the first movement of the motor wfll more 
the pinion so that ifs teeth properly mesh with 
those of the gear 32, the spring 52 wfll expand 
and force the pinion into proper meshing engage- 
ment with said gear. This driving mechanism 
is the saine as ordinarily used in manually oper- 
ated starters of this type, the only change being 
the substitution of the magnetically operated 
lever 3S for the usual manually operated foot 
pedal. A spring 54 returns the lever 36 and asso- 
ciated parts fo normal position when the mag- 
net is de-energized. 
ehe starting motor 2{} is connected by the wire 
56 with a flxed contact 5 of a starting motor 
switch, while a second flxed contact 6{} is con- 
nected by a wire 62 with a battery indicated at 
64 grounded af 66. A movable contact {} is 
moved into engagement with the two flxed con- 
tacts to complete the starting motor circuit when 
the magnet 44 is energized, such movable contact 
being supported by a rod 2 which slides in a 
central aperture in the magnet core 4, and the 
left end of the rod extends beyond the cote to 
the left so as to be engaged by the armature 
42 as it moves to the right upon energization of 
the magnet. The armature pnshes the rod to the 
right and moves contact {} into engagement with 
contacts 58 and 6{}. 
The movable contact {} is mounted on a block 
of insulating material 6 which is mounted on 
the rod 2 between two flanges  and 8{}, which 
extend from the rod and a ,.pring 82 surrounds 
the rod between the flange {} and the insuiating 
material 6, such spring tending to hold the block 
of insuiating material against the flange 8, as 
shown in the drawing. The rod 2 is normally 
held in the position shown in the drawing with 
the shoulder 6{} bearing against the armature 
core by the action of a spring 4 which bears 
against the flange 6 and af the other end against 
a stationary part which is part of a bracket 
secured to the magnet housing and bas a pro- 
jection 6 fltting telescopically within a recess 
or central bore  in the rod 2. When the mag- 
net is energized, the movement of the armature 
moves the rod 2 as previously described, and 
through the action of the spring 62, yieldingly 
presses the contact {} into engagement with the 
fixed contacts. Upon deenergization of the mag- 
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net, the spring 84 restores the movble contact bie te cause engagement of thê contacts 16 id 
te the position shown in the drawing. 128 upon closing of thè manual switch. 
When the starter switch has been closed in Te this end thê contact 126 is operated by a 
the manner indicated te complete the starting relay A comprising c0re I$, and winding 134, 
motor circuit, such motor rotates and the mesh- 5 which af one end is connected by a wire 36 te 
ing of pinion 36 and gear 2 having been accom- the wire ! 3 wlich leads te the manual switch. 

plished in the manner described, the motor turns 
the gear 32 and starts the engine. When the 
latter is started and is running under its own 
power, the magnet will be de-energized and the 
spring 54 returns the parts te the position shown 
in the drawing, opening the starter switch and 
disengaging the pinion 3 frein the gear 
The magnet 44 is provided with tw0 windings 
96 and 92, the winding  having a groùnd con- 
nection 4, and the wiiding 92 being Conuected 
by a wire 6 wiçh wire 56 which leds frein the 
main starter switch te the starting motor se that 
the winding 92 is grounded through the start- 
ing motor. 
The two coils of the magnet are connected by 
wires $ and I[l} with a wlre I1 which leads te 
a fixed contact 154 of a magnetic switch or re- 
lay B having a movable contact 66 which 
gages the fixed contact when the relay i ener- 
gized, and is connected by a wire  with the 
battery. Whenever the contacts 64 and 6 are 
in engagement, carrent fiows frein the grounded 
battery through wire IS, contacts 4 and 
wire 1{2 and wires 6 and } te the magnet 
windings and thence te ground. The magnet is 
thus energized, resulting in operation of its ar- 
mature te shift the pinion 3{} and close the 
starter switch, both coils of the magnet being 
effective until the starter switch is closed. Just 
as soon as this takes place, the coil 2 is shunted 
out, se that the switeh is held closed during the 
cranking of the engine only by the effect of the 
coil 8. Tlis arrangement of the magnet with 
two coils, one of which is shunted out as soon 
as the main starter circuit is comp!eted is sub- 
stantially the saine as disclosed in tl]e patent te 
Dyer No. 2,302,687, November 24, 1942. 
The operation of contacts |4 and |6 te ef- 
fect the energization and de-energization of the 
magnct 44 is effected by a relay B which is con- 
trolled by a manually operable switch, a second 
relay A and a fluid pressure operated switch. 
The relay B which operates contact  com- 
prises a cote 6 and a winding ||2 which, at 
one eid is connected by wire | 3 te a fixed con- 
tact 1 of a manually operable switch which 
incluaes a second fixed contact | 6 connected by 
a wire   te the wiïe Sï which lcads te the bat- 
tery, and a movable contact 2, normally held 55 
open by spring 2, but opcrable manually te 
bridge the contacts I 4 and | . The other end 
of the winding  2 is connected by wire |24 te a 
movable contact 2S, which is normally open, 
but is movable by a relay, te be described luter, 0 
into engagement with another fixed contact 
grounded at 3. Whenever the manually op- 
erable switch is closed and contacts 26 and 
are closed, current flows through the winding | 
and causes the magnet 4g te be energized. The 65 
operation of the contact |26 is se controlled that 
when the engine is net operating and the man- 
ual switch is close& the contact 26 will be 
mediately moved into engagement with the con- 
tact t2l and it will remain in engagement with 70 
the Iater a long as the engine is being cranked 
bY the starting motor and the manual switch in 
held closed, regard!ess of the effect of the fiuid 
pressure control switch, but if the engine is op.- 
erating under ifs own power, it will be impossi- 75 

The other end of the winding 134 is connectsd by 
a wire 16 te an angular supporting member 
which carries a fixed contact 142 and is sup- 
lb ported on a depending U-shaped bracket 
The supporting member Æ6 is held in fixed po- 
sition on the bracket by the screw 46 and sep- 
arated frein the bracket by blocks of insulating 
material 8. 
15 The bracket |44 is secured by brazing, or in 
any other desirable way, te a flange |56 which 
projects frein a cylinder f2. The latter is pro- 
vided, ai its upper end, with a peripheral groove 
in which is secured the lower part |4 of a dia- 
OEEO phragm chamber, the upper part of which is 
dicated at 6. Clamped between the e!ements 
14 and I is a diaphragm I], and the upper 
part |56 of the diaphragm chamber is bent over 
at the periphery, as indicated at 161, te clamp 
25 between this bent over portion and the portion 
|6, the lower part |4 and the diaphragm, se 
as te ferre a fluid-tight joint. A threaded nip- 
ple |62 is secured as shown at the center of ttie 
upper half |6 of the diaphragm housing and a 
0 conduit |64 is screwed into the nipple, as indi- 
cated in the drawing. 
The conduit |64 may connect with the engir.,.e 
lubricating system af any suitable point te sub- 
ject the diaphragm I te engine oil pressure or 
35 the conduit couid connect with the intake mani- 
fold te subject the diaphra.gm te engine suction, 
in which case, the conduit would connect below 
tl..e diaphïagm I, or the arrangement of con- 
tacts and controlling spring would be reversed. 
40 Such devices are disclosed in applicant's copend- 
ing application S. N. 7ï3,539, flled Sept. 12, 1947 
and new allowed. In certain istaliations, as in 
automotive vehic!es employing any ferre of an 
hydrauiic transmission, it is preferable te con- 
45 nect the conduit |6.1 with the housing of the 
hydïaulic transmission in any suitab!e way, se 
as te communicate te the diaphragm the pres- 
sure of the off in such hydraulic transmission. 
Such an arrangement is shown diagrammaticallY 
50 in the drawing. This off is maintained under a 
very much higher pressure than is the off in the 
lubricating system of the engine and when such 
pressure is communicated te the diaphragm 15, 
itis effective immediately when the cranking o 
the engine by the starting motor begins te sep- 
arate the contacts I2 and |6 of the fluid pres- 
sure switch and is also effective te maintain those 
contacts separated as I0ng as the engine parts 
are moving. 
This is true because the oil pressure in the 
hydraulic transmission is se high by comparison 
te that of the off in the lubricating system that it 
is under suflicient pressure when the parts are 
moving se slowly as te barely be in motion at all 
te create a suflicient force on the diaphragm 
te hold the switch contacts open. By use of this 
oil under high pressure, the closing of the con- 
tacts |42 and |6 is prevented until the engine 
parts have substantially ceased te operate. If, 
therefote, the engine accidentally stalls, it would 
be impossible te close the manual switch 220 and 
cause the closing of the starting motor circuit 
untfl the engine parts have ceased te more be- 
cause the cl0sing of switch . will net effect 
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closing of the main starter switch until contacts 
t42 and tTG are in engagement. 
Therefore, when oil under high pressure, for 
example, the oil of an hydraulic transmission, is 
employed as the operating means ïor the dia- 
phragm 58, there is absolutely no possibility of 
closing the main starter switch when the engine 
is operating under its own power. Under any and 
all conditions of operation which could possibly 
be encountered, the pressure of the oil of the.hy- 10 
draulic transmission would be suiïïcient fo keep 
the contacts 42 and 76 separated. As indicated 
previously, this arrangement is particularly 
fective in the case of a vehicle having two engines, 
where one engine stops and the operator of the 15 
vehicle does hot know which engine has ceased 
fo operate, or in large installations when the 
engine is located af a relatively great distance 
rom the driver of the vehicle. In the first 
stance, the driver would not know which of the 20 
engines was hot in operation in case one of them 
stopped and in the case of a large installation, 
he might hot hear the engine and think if had 
stopped when if was actually still in operation. 
In either case if would be entirely impossible 
for him fo close the switch of the starting motor 
of an engine which is in operation. If he closes 
the manual switch which controls the starting 
motor of an engine in operation, nothing hap- 
pens because the fluid pressure switch is neces- 30 
sarfly open. 
A rod 66 is connected in any suitable way fo 
the center of the diaphragm and extends down- 
wardly therefrom through the cylinder 5. At 
ifs lower end, the rod is reduced in size as in- 35 
dicated af t68 and surrounding this part of the 
rod is a washer 7{} and a flanged collar J72 of 
insulating material. Received around the cylin- 
drical part of the collar and between the washer 
7{} and the flange which projects from the col- 4O 
lar is a spring 7, supporting a movable contact 
J76 which is adapted to engage the flxed contact 
2 when the engine is hot in operation. The 
reduced part t68 of the rod 6G is riveted over the 
flanged collar, as shown in the drawing, fo hold 45 
the collar in position. The cylinder 52 is closed 
af ifs lower end except for an orifice in which the 
rod 66 flts loosely, and a spring 7 is positioned 
in said cylinder around the rod, between the 
closed lower end of the cylinder and the dia- 
5O 
phragm 8, such spring acting fo hold the dia- 
phragm in the position with the switch contacts 
2 and t76 in engagement when the engine is 
inoperative. The spring is connected, as indi- 
cated in the drawing, by a wire 8{} which extends 55 
from the spring fo one of the brushes of the 
generator 82 which is grounded as indicated af 
84. Therefore, the spring 78 is grounded 
through the generator and the connection 
The generator is connected by the wire 
the battery fo effect charging thereof and the 
usual cut-out relay ! 88 is Provided in this connec- 
tion. The generator and the connection there- 
from fo the battery is of conventional construc- 
tion and need hOt be further described. 65 
It will be understood that iï the spring ,8 is 
grounded through the generator, as described, the 
main magnet may be rendered inoperative by the 
generator when the latter reaches a predeter- 
rained speed and under certain operating condi- 7O 
tions, for reasons which wfll be more fully set 
forth in the description of the operation of the 
device that appears hereinafter. 
Attention is called fo the fact that the spring 
! 78 may have a ground connection leading direct- 75 
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ly from the spring fo ground without passing 
through the generator. As will be apparent from 
the description of the operation which follows 
later on, if the device is constructed in this way, 
the starting motor wfll always continue fo op- 
erate until the manually operable push button 
20 is released, whereas if grounded through the 
generator, as illustrated in the drawing, the 
starting motor, under certain circumstances, may 
be rendered inoperative by the generator as soon 
as the engine begins to run under its own power 
and operates rapidly enough fo bring the speed 
of the generator up to the point required fo cause 
the de-energization of the main magnet. Like- 
wise, if the generator ground connection is used 
as shown, the generator will prevent any possi- 
bflity of accidental operation of the starting 
motor during selï-operation of the engine, even in 
the event of failure of the fluid pressure switch. 
For a purpose tobe more fully explained, there 
is a second ground connection for the wire 
when the contacts 2 and 28 are closed. To 
this end a wire 9{} is connected to the wire 
and is also connected fo the switch contact 
It will be understood that instead of connecting 
the upper hall of the diaphragm with a source 
of oil under pressure fo effect opening oï the con- 
tacts  and 7, when the engine is in opera- 
tion, the upper part of the diaphragm chamber 
could be ruade solid except for a vent and a 
suction conduit could be connected to the lower 
part of the diaphÆagm chamber and the intake 
manifold so as fo communicate the engine suction 
fo the lower side of the diaphragm fo pull the dia- 
phragm down when the engine is running. 
From the foregoing description, if will be ap- 
parent that the normal position of the parts, 
that is, the position oï such parts when the en- 
gine is inoperative is as shown in the drawing, 
with the pressure operated æwitch closed, if the 
manually operated switch button 22} is then 
operated fo close the switch operated thereby, 
current will flrst flow from the battery through 
such switch, the wire ! !3, xvire t3, winding 
wire 8, contacts 4., 8, spring  and con- 
nection tS} through the generator fo ground. 
This will energize relay A and effect closing of 
contacts 2G and 28. Closing of these con- 
tacts will immediately cause the energization of 
relay B because current flows ïrom the battery, 
through the manual switch, winding 2, wire 
2 and contacts |, 28 fo ground. As soon 
as relay B is energized, the main magnet  is 
energized, the main starter circuit is closed and 
the pinion 8{} is moved into mesh with the gear 
 as previously described. The engine will then 
be cranked and uitimately will be started. 
During the cranking oï the engine, fluid pres- 
sure, either the oil pressure or manifold vacuum, 
whichever is used, will be effective to more the 
diaphragm down against the force of springs 
and 78. Under some conditions, the force ex- 
erted by this fluid pressure is great enough, even 
during the cranking period and belote the en- 
gine ,begins fo operate under its own power, fo 
cause separation of contacts à2 s, nd 76, but 
with the device disclosed, this cannot cause the 
de-energization of the main magnet 4, nor cause 
the starting motor fo become inoperative, 
less the operator, himself, opens tl]e manually 
operated switch. Operation of the generator may 
cause the de-energization of the main magnet 
under certain circumstances, but never during 
cranking, as the generator speed is insuiïïcient. 
Because of the second ground connection for 
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the relay A, comPrising wire 19, contacts 126, 
i28 and ground connection IS9, which is estab- 
]ished .when re!ay A is ener2"ized, the opening of 
the ground connection for such relay which in- 
cludes the flLtid pressure switch, does not bave 
any de-energizing effect on the relay. In other 
words, aïter initial energization of relay' A, fo 
cause operation of the starting moor, the relay 
cannot general]y be de-energized except by de- 
liberate action of the operator, in opening the 10 
manual switch. 
On the other hand, if the engine is opm'ating 
under ifs own power, neither the relay A nor 
the main magnet will be energized; even if the 
fluid pressure ïalls so low that the fluid pressure ] 5 
switch is closed, so that the starting motor can- 
hot be caused fo become operative. Even if the 
flnid pressure became so low that the switch op- 
erated thereby were closed, the generator would 
be-ooerating rapidly enough to de-energize the 2o 
wincÏing I$Æ and th¢ closing of the manually op- 
erated switch would have no effect. 
OrdinarilF the.generator bas no effect in caus- 
ing. de-energization of the main magnet, but is 
effective in the event of ïailure of the fluid pres- . 
sure switch or great delayin the operation of such 
switch, to brinç about the de-energization of the 
main magnet when the engine-operates under ifs 
own power and fast enough fo drive the gençrator 
at more.than a prëdetermined spCd ..... 0 
If at any rime when e generator is operat- 
ing at  sped above thé-predeteçmined speed 
reîerred fo and the fld pressure switch is closed, 
current wi!l flow from tt]e generator through 
wire I$0, the fluidpressure switch and wire I  
fo the winding 13 through which if flows in a 
direction opposite to th current flowing ïrom 
thë battery. This nullifles the action of the bat- 
tery current on said winding and causes con- 
tacts 12 and 128 fo separate, which results in 40 
the de-energizing of the marner for reasons that 
wi!l be apparent. Whenever the fluid pressure 
switch is open, current fl'0m the generator can- 
hot flow to the winding 13, so.that the generator 
has no de-energizing ïunction at any rime that 
said fiuid pressure switch is open. Since the 
fluid pressure switch is opened under normal 
circumstances during engine cranking and be- 
fore the generator is operated af suflicient speed 
to bave any effect, the main magnet is de-en- 50 
ergized, under normsl conditions only by open- 
ing of the manual switch. 
However, if there should be anY ïailure of the 
fluid pressure switch due to a broken diaphragm, 
or for any other reason, or if there is suflicient 55 
delay in the operation of the fluid pressure switch, 
due fo off viscosity or any other cause, which is 
suflicient fo enable the generator fo attain the 
necessary speed of operation beïore the open- 
ing of the fiuid pressure  switch, the action, of o 
the generator will de-energize the main magnet. 
Llkewise the generator will prevent any en- 
ergization of the main magnet during self-op- 
eration of the engine if the manual switch be 
accidental!y closed. In the event of faflure of 65 
the fluid pressure switch, or if the speed of the 
engine would be reduced suflïciently fo enable 
the closing of the fluid pressure switch, opera- 
tion of .the manual switch would hot cause the 
main magnet to be energized ,because as soon 70 
as the fluid pressure switc h closed, the generator 
would de-energize winding 3 and closing of 
the manual switch would hot effect closing of 
contacts 126 and 128. 
Normally, when the. engine starts fo operate 75 

under its own power, the fluid pressure separates 
the contacts  and  and the operator 
leaSes the  manual switch. The opening of the 
fluid pressure switch breaks one ground con- 
nection .of the relay A and the opening of the 
manual switch breaks the other ground con- 
nection of such relay, comprising contacts 
and 2. 
Under normal conditions, the fluid pressure 
switch remains open as long as the engine is self- 
operative and accidental closing of th manual 
switch wfll bave no effect. Under abnormal con- 
ditions such as previously reïerred to, the action 
of the generator wfll effect opening of the con- 
tacts 2 and 8, when the fluid pressure switch 
fafls fo remain open, whenever the engine is self- 
operative, so that accidental operation of the 
manual switch cannot cause the main magnet 
to operate as long as the engine is selï-operative, 
regardless of what may happen to the fluid pres- 
sure switch, or how long a delay there may be in 
the action of the fluid pressure switch. 
As already stated in the foregoing description, 
the fluid pressure switch which is operable by 
the enine may be operated by either off pressure 
or by the engine suction or manifold vacuum. 
The off pressure operated switch bas one ad- 
vantage which may be mentioned. Sometimes in 
starting an engine, the engine will make two or 
three rotations and then stop. Due fo the inertia 
of the parts, they will remain in motion for a 
brief period of tLme and if the pressure operated 
switch could close during such period of rime, if 
might result in the starting motor being rendered 
effective because the manually operated switch 
would be stfll closed by the operator. This would 
result in damage fo the starter pinion and fly- 
wheel gear so that if is desirable fo prevent any 
possible reclosing of the pressure operated switch 
under such conditions. When off pressure is em- 
ployed there is a deflnite lag in the operation of 
the switch due to the viscosity of the off, par- 
ticularly in cold weather. This delay will cover 
a period of several seconds and is suflicient fo as- 
sure that the engine parts are fu]ly stopped before 
the reclosing of the switch can take place. 
This application is a continuation-in-part of 
application Serial No. 542,45, flled June 28, 1944, 
now abandoned. 
While the embodiment of the present invention 
as herein disclosed, constitutes a preferred form, 
it/is tobe- understood that other forms might be 
adopted, all coming within the scope of the claires 
which follow« 
What is claimed is as follows: 
1. Engine starting apparatus for internal com- 
bustion engines comprising, in combination, a 
current source, a startng motor adapted tobe 
operated by current flore said source, a main 
switch ïor controlling the circuit between the cur- 
rent source and starting motor, a control circuit 
ïor controlling the operation oï the main switch 
which includes a control switch operated by oil 
ïrom a source oï supply in which the oil is main- 
talned under high pressure during selï-operation 
of the engine-under all conditionS, and also when 
the engine is being rotated by the starting motor 
and so constructed that the pressure created by 
the-engine, either when operated by- the starting 
motor  or  when selï-operative, always is effective 
fo open the switch, and which must be closed to 
cause the initial closing oï the main switch, a 
second switch in circuit with the fluid pressure 
switch and effective upon closing to bring bout 
the closing, of the main switch, a third control 
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switch, the closing of which is effected by the 
closing of said second mentioned switch and when 
closed is effective to maintain the main switch 
closed irrespective of the off pressure switch, 
whereby the latter may be opened after the clos- 
ing of said third switch without causing the start- 
ing motor to become inoperative and a generator 
effective to prevent closing of Said third switch 
when the engine is self-operative. 
2. Starting apparatns for internal combustion 
engines comprising, in combination, a. current 
source, a starting motor operable by current from 
said source, a main starter switch adapted to 
close the circuit between said current source and 
the starting mot0r, a magnetic switch between 
the current source and the main switch operab]e 
te effect closing of the main switch when itis 
closed, a control circuit for the magnetic switch 
which inctudes a control switch operable by off 
from a source of supply in which the off is main- 
tained under high pressure during self operation 
of the engine under ail conditions and when said 
engine is being rotated by the starting motor and 
so constructed that said pressure operated switch 
always is opened by the pressure effective thereon 
when the engine is self-operative and when said 
engine is being rotated by the starting motor, a 
second magnetic switch in circuit with the wind- 
ing of the first magnetic switch whereby the sec- 
ond magnetic switch must be closed in ortier to 
effect energization of the closing of the first mag- 
netic switch, said second magnetic switch having 
a winding in series with the off pressure operated 
switch and means for establishing a ground con- 
nection for said winding when the second mag- 
netic switch is closed, whereby said winding will 
remain energized after the closing of the switch 
irrespective of the pressure operated switch. 
3. Starting apparatus for infernal combustion 
engines comprising, in combination, a current 
source,, a starting motor operable by current from 
said source, a main starter switch adapted to 
close the circuit between said current source and 
the starting motor, a magnetic switch between 
the current source and the main switch operable 
to effect çlosing of the main switch when itis 
closed, a control circuit for the magnetic switch 
which includes a control switch operable by off 
from a source of supply in which the off is main- 
tained under high pressure during self operation 
of the .engine under all conditions and when said 
engine is being rotated by the starting motor and 
so constructed that said pressure operated switch 
always is opened by the pressure effective thereon 
when the engine is self-operative and when said 
engine is being rotated by the starting motor, a 
second magnetic switch in circuit with the wind- 
ing of the first magnetic switch whereby the sec- 
ond magnetic switch mnst be closed in 0rder to 
effect energization of the closing of the first mag- 
netic switch, saidsecond magnetic switch having 
a winding in series with the off pressure operated 
switch, means for establishing a ground connec- 
tion for said winding when the second magnetic 
switch is closed, whereby said winding will e- 
main energized after the closing of the swith 
irrespective of the pressure operated switch, a 
generater and a connection between the winding 
of said second magnetic switch and the generater 
whereby the generator causes de-energization of 
said second magnetic switch when the engine is 
operating under ifs own power. 
4. Engine starting apparatus for internal com- 
bustion engines comprising, in combinationi a 
current source, a starting motor adapted tobe 
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operated by current from said source, a main 
switch for controlling the circuit between the 
current source and starting motor, a control cir- 
cuit for controlling the operation of the main 
5 switch which includes a control switch operated 
by oil from a source of supply in which the off 
is maintained under high pressure during self 
operation of the engine under all conditions and 
when said engine is being rotated by the starting 
10 motor so that said switch is always opened dur- 
ing rotation of the engine by the starting motor, 
a second control switeh in said control circuit in 
series with the oil pressure switch and effective 
upon closing to bring about the closing of the 
]5 main switch, a thlrd control switch in series with 
sald second control switch and means operable 
to close said third control switch when said sec- 
ond control switch is closed, in order to establish 
a by-pass control circuit around the off pressure 
20 operated switch which, when closedi maintains 
the main switch closed when the off pressure 
switch is opened, whereby opening of the latter 
will hOt de-energize the starting motor. 
5. Engine starting apparatus for internal com- 
25 bustion engines comprising, in combination, a 
current source, a starting motor adapted tobe 
operated by current from said source, a main 
switch for controlling the circuit between the cur- 
rent source and starting motor, a control circuit 
30 for controlling the operation of the main switch 
which includes a control switch operated by oi1 
from a source of supply in which the oil is main- 
tained under high pressure during self operation 
of the engine under all conditions and when said 
35 engine is being rotated by the starting motor so 
that said switeh is always opened during rotation 
of the engine by the startlng motor, a second 
control switch in said control circuit in series 
with the off pressure switch and effective upon 
4o closing to bring about the closing of the main 
switch, a third control switch in series with said 
second control switeh, means operable to close 
said third control switch when said second con- 
trol switch is closed in order to establish a by-pass 
45 control circuit around the off pressure operated 
switch which, when closed, maintains the main 
switch closed when the off pressure switch is 
opened whereby opening of the latter will hOt 
energize the starting moter, means by which the 
50 third control switch may be opened af ter the en- 
gine starts to operate on ifs own power and means 
for preventing the re-closing of said third control 
switch as long as the engine continues to operate. 
6. Engine starting apparatus for internal com- 
 bustion engines comprising, in combination, a 
current source, a starting motor adapted tobe 
operated by flrrent from said source, a main 
switch for contolling the circuit between the cur- 
rent source and starting motor, a control circuit 
60 for controlling the operation of the main switch 
which includes a control switch operated by oil 
from a source of supply in which the off is main- 
tained under high pressure during self operation 
of the engine under all conditions and when said 
5 engine is being rotated by the starting motor, and 
so constructed that the pressure created by the 
engine, either when operated by the starting 
motor or when self operative will always be effec- 
tive to open the switch, and which must be Closed 
ïo to cause the initial closing of the main switch, 
a second switch in circuit with the fluid pressure 
switeh and effective upon closing to bring about 
the closing of the main switeh, a third control 
switch, the closing of which is effected by the 
7 closing of said second mentioned switch and 
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which, when closed, ls effective to maintain the 
main switch closed irrespective of the oil pressure 
switch, whereby the latter may be oPened after 
the closing of said third switch Without causing 
the starting motor to become in0perative and a 
generator effective to prevent closing of said third 
switch when the engine is self-operative. 

JOEIUS H. BOLLES. 
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